In this paper high order time integration schemes are investigated for the integration of fluid-structure interaction (FSI) model problem with deforming domains. The integration algorithm consists of a partitioned scheme in which a combination of implicit and explicit (IMEX) high order Runge-Kutta time integration schemes is used: the fluid and structure systems are decoupled at their interface and both systems are integrated using the implicit system under a given boundary condition at the interface. The influence of this boundary condition (the coupling term) is integrated using the explicit Runge-Kutta scheme. The fluid dynamics are written in the arbitrary Lagrange Eulerian formulation to cope with the deforming fluid mesh. An expression is proposed for the mesh face velocities of the deforming mesh such that the discrete geometric conservation law is satisfied. For the model problem numerical investigations are made into the efficiency of these high order time integration schemes compared to lower order methods. The IMEX scheme retains the order of the implicit and explicit schemes and obtains the same accuracy as a second order staggered scheme for less computational work.
I. Introduction
For many engineering applications multi-physics problems, such as fluid-structure interaction (FSI) phenomena are important for an efficient and safe design. Increased computational power has enabled the simulation of FSI, through coupling of existing flow and structure solvers. However, the simulation of long term dynamic behavior is still very time consuming. Therefore efficiency of the FSI solver is of the utmost importance.
It has already been demonstrated that for flow applications, higher order time integration schemes are computationally more efficient than popular lower order schemes, even for engineering levels of accuracy.
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This drives the idea to use higher order time integration schemes for fluid-structure interaction simulations as well. So far we only found examples of fluid-structure interaction computations based on at most second order implicit time integration methods.
2-5 For the coupled fluid-structure simulations we favor a partitioned scheme, so that existing flow and structure solvers can be used, each solving efficiently their own equations on a separate domain. Recently, a high order, mixed implicit/explicit (IMEX) time integration scheme has been used based on high order implicit and explicit Runge-Kutta methods and applied to a one dimensional model problem on a non-moving fluid mesh. 6, 7 In the IMEX methodology, the fluid and structure are decoupled at their interface. The separate fluid and structure dynamics are integrated by an unconditionally stable, implicit scheme and only the coupling component (represented by the boundary condition at the interface) is integrated by the explicit scheme. The IMEX scheme retains its high order and is requires less computational work for a given accuracy compared to a second order scheme.
So far the IMEX scheme has only been applied to test problems on non-moving meshes. For FSI problems with large structural motions and deformations, a deforming fluid mesh is of the utmost importance. As opposed to the piston problem on a stationary mesh which has true inflow/outflow boundary condition at the interface, the piston problem with a deforming mesh provides the possibility to investigate the conservationof-mass quality of the scheme. The piston model problem is extended with a deforming fluid domain so that the coupling not only takes place through boundary conditions but also through the deformation of the fluid
